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Hydraulic fracturing has been a key technology in producing shale gases an 21 affordable addition to the United States' energy supply. Hydraulic fracturing is a 22 rather water intensive process which requires 2 million to 5 million gallons of water 23 for a horizontal shale gas well depending on the basin and formation characteristics 24 (Ground Water Protection Council, 2009). After fracturing, the hydraulic fluid begins 25 to flow back through the well casing to the well head. This produced water contains 26 various dissolved constituents and organic matters. Its treatment and recycling has 27 drawn wide attention because of its health, environmental and ecological impacts. 28 Because of the complexity in composition, high TDS, limited footprint and cost issues, 29 new water treatment technologies that can recycle the water as fracturing make-up 30 water, or irrigation water, and in some cases pure process water. 31 Forward osmosis is an osmotically driven membrane process, where a 32 chemical potential difference acts as the driving force for transferring of water across 33 the membrane from a dilute feed solution to a concentrated draw solution (Cath et al. 34 2006). The semipermeable FO membrane can block the transfer of a broad range of 35 contaminants including organic matter, dissolved solids, and suspended solids with 36 potential applications in treatment of domestic and industrial wastewater, 37 concentration of beverages and pharmaceutics, and controlled drug release. The most 38 significant characteristics of FO are low energy input, low fouling propensity, high 39 water recovery rate, and highly tolerance to high salinity water streams. FO could 40 potentially provide a new perspective to the disposal of the special wastewater 41 containing high total dissolved solids (TDS). 42 In this chapter, a review on the state-of-the-art of the treatment of shale gas 43 produced water with the focus on the treatment of shale gas flow-back water (SGW) 44 by forward osmosis. A brief introduction of origin and chemical/physical 45 characteristics of the SGW are given, and the advantages and limitations of potential 46 treatments methods are analyzed. The process parameters, selection of membrane and 47 draw solutions were summarized. Finally, the potential of utilization of FO process for 48 the treatment of SGW in a large scale are discussed. 49 2 Water management in shale gas exploitation 50 51 Shale gas is an important unconventional natural resource for the energy 52 thirsty, and its exploitation activities has been increasing. Based on the US EIA data in 53 2011, the reservation of the shale gas in US was about 2.44 x104 BM 3 and that in 54 China is 3.6 x104 BM 3 (He et al. 2012 ). As shown in Figure 25 .1, the projection of the 55 shale gas productivity in US will be 280 Billion cubic meter by 2015 in America and 56 to 100 Billion cubic by 2020 in China. Between 2003 to 2010, there has been a quick 57 and steady growth of the shale gas output in USA. Based on this fact, it is expected 58 that the shale gas production in China follows a even more drastic increase in coming 59 10 years. in the treatments of high salinity wastewater produced from shale gas exploitation. membrane, which guarantees a hig product water quality.
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The disadvantages of the hybrid process is the high energy consumption due to 
